A co-precipitation technique for nickel(II), chromium(II), manganese(II), lead(II) and zinc(II) with the aid of copper(II) cyclo-hexylmethyldithiocarbamate was established. The influences of some analytical parameters such as pH, sample volume, amounts of cyclo-hexylmethyldithiocarbamate and copper(II) on the recovery of metal ions were investigated. The heavy metals in the precipitate were determined by flame atomic absorption spectrophotometry. The range of detection limits for the heavy metals was 0.003-0.005 mg/L. The atomic spectrometric technique with co-precipitation procedure was successfully applied for the determination of Ni, Cr, Mn, Pb and Zn in industrial wastewater and sediment samples from Ladipo stream in Lagos, Nigeria. The mean concentrations for these metals using co-precipitation procedure were not significantly different from corresponding concentrations obtained using spectrometric techniques without co-precipitation procedure.
INTRODUCTION
Heavy metals are major pollutants in rivers and streams that receive industrial effluents, whether treated or untreated. They constitute hazards to the stream-sediment system. The potential impacts in the system include alteration of the benthic ecosystem, increased biological oxygen demand, enhanced build-up of nutrients and contaminants, increased turbidity and an adverse effect on sea grasses (Zhang ) . Also the presence of heavy metals poses a threat to human life (Barrento et al. ; Blagojevic et al. ) . For instance, lead is a widely deposited environmental toxicant for neurological, renal, hepatic and immune systems (Domínguez-Lledó et al. ; Subrahmanyam et al. ; Soylak et al. ) . Over-exposure to nickel by human beings can provoke significant effects including lung, cardiovascular and kidney diseases (Ghaedi et al. ; Ghaedi ) .
The accurate and precise determination of heavy metals in water bodies is important to obtain accurate levels of their accumulation in aquatic organisms. Heavy metals are highly soluble in the aquatic environment. Thus, they can be absorbed by living organisms such as fishes and may be accumulated in the human being once they enter the food chain. The atomic spectrometry techniques are extensively employed for the quantification of their probable accumulation. Flame atomic absorption spectrophotometry (FAAS) presents desirable characteristics, such as low costs, availability of operational facilities and good selectivity compared with other analytical techniques (Citak et al. ; Dolak et al. ; Jamshidi et al. ; Pérez-Quintanilla et al. ) . However, the sensitivity and selectivity of FAAS are usually insufficient for the determination of heavy metals at very low concentrations in complex matrix environmental samples. Hence, preconcentration of the environmental samples becomes necessary prior to instrumental analysis. The main advantage of preconcentration procedures is the possibility of determining lower analyte concentrations and avoiding matrix effects by effective separation of the analyte from interfering matrix components (Carneiro et al. ; Gervasio et al. ) .
Co-precipitation has an important place in the preconcentration and separation methods due to some of its advantages, including simplicity and the short time period for the procedures (Li et al. ; Peker et al. ; Tuzen & Soylak ) . In the co-precipitation procedure, a precipitate is formed by the combination of a carrier element such as copper, nickel, aluminium and magnesium, which have been used for preconcentration studies (Elci et al. ; Minami et al. ) . Copper is popular as a carrier element because of its limited negative effects for the environment. Inorganic ligands such as hydroxide, thiocyanate, phosphates and organic ligands such as dibenzyldithiocarbamate, N-benzoyl-N-phenyl-hydroxylamine, 2-nitroso-1-napththol-4-sulfonic acid have been reported as co-precipitants in the literature (Vircavs et Uluozlu et al. ) . Dithiocarbamates, in particular, are strong chelating and co-precipitating agents for heavy metals owing to the presence of sulfur donor atoms in their structures. Until now, no precipitation study for heavy metal ions has been carried out using the combination of copper(II) and cyclo-hexylmethyldithiocarbamate.
Therefore, the aim of this study is to employ copper as a carrier element and sodium cyclo-hexyl methyldithiocarbamate as co-precipitant to establish a co-precipitation procedure for Ni(II), Cr(II), Mn(II), Pb(II) and Zn(II) prior to their determination by FAAS. The procedure was applied to the determination of these metals in industrial wastewater discharges and sediments from Ladipo stream in Lagos, Nigeria.
EXPERIMENTAL ANALYSIS Instruments
The concentrations of heavy metals were measured with a Perkin Elmer AAnalyst 200 (Massachusetts, USA) Atomic Absorption Spectrophotometer with deuterium background corrector. The spectrophotometer with a slit range of 1.8-2.7 mm was equipped with a hollow cathode lamp and operated in the air-acetylene flame mode. The lamps for Ni, Cr, Mn, Pb, and Zn were operated at standard wavelengths specified in the manufacturer's manual. A pH meter (3510 JENWAY model) glass electrode was employed for pH measurements in the aqueous phase.
Preparation of reagents
High purity analytical grade reagents from Sigma (St Louis, MO, USA) were used for preparation of stock standard solutions. Working standard solutions were obtained by appropriate dilution. De-ionized distilled water was used throughout the experimental work. A 1% (w/v) solution of sodium cyclo-hexylmethyldithiocarbamate was prepared by dissolving 1.0 g of the salt in a little ethanol, then made up to 100 mL with de-ionized distilled water. The synthesis, characterization and antimicrobial activity of the complex used for this study are reported by Odola & Woods () . For pH adjustment, each of the following buffer solutions was prepared in a 500 mL volumetric flask and made up to the mark with de-ionized distilled water: 
Optimization of operating conditions

Effect of pH
The influence of pH on the quantitative recoveries of heavy metal ions on the copper(II) cyclo-hexylmethyldithiocarbamate were investigated in the pH range of 2 À 10. Various metal solutions (20 μg of Pb, 20 μg of Cr and 10 μg of each of Ni, Mn and Zn) were placed in centrifuge tubes separately. Then 1.0 mL of 1,000 mg/L of copper(II) as a carrier element and 1.0 mL of 1% (w/v) sodium cyclo-hexylmethyldithiocarbamate were added. The pHs of the solutions were adjusted by adding 2.0 mL of the appropriate buffer solution. After 10 min, the solutions were centrifuged at 3,500 rpm for 20 min. The precipitate which remained on the centrifuge tubes was dissolved with 0.5 mL of concentrated HNO 3 . The solutions were made up to 10 mL mark using de-ionized distilled water before the metal concentrations were determined by Atomic Absorption Spectrophotometry (AAS) (Figure 1 ).
Effect of amount of Cu 2þ as carrier element
The influence of amount of Cu 2þ as carrier element on the recoveries of metal ions was investigated. The various metal solutions (20 μg of Pb, 20 μg of Cr and 10 μg of each of Ni, Mn, and Zn) were placed in centrifuge tubes separately. Varying amounts of Cu solutions ranging from 0 mg to 30 mg of 1,000 mg/L solutions and 1 mL of 1% (w/v) cyclo-hexylmethyldithiocarbamate were added to the various metal ions solutions. Then, the pHs of the solutions were adjusted to pH 9. After 10 min, the solutions were centrifuged and the precipitates which adhered to the centrifuge tubes were dissolved with concentrated HNO 3 . The solutions were made up to 10 mL using de-ionized distilled water. The heavy metals in the final solutions were determined by AAS. The quantitative recoveries were obtained for all metal ions in the range of 10-30 mg of Cu 2þ due to the formation of dithiocarbamate precipitate. The recoveries were not quantitative without Cu 2þ ( Figure 2 ). All further works were carried out by the addition of 1.0 mg of Cu 2þ as carrier element.
Effect of amount of cyclo-hexylmethyldithiocarbamate
The influence of amount of cyclo-hexylmethyldithiocarbamate on the quantitative co-precipitation of heavy metal ions was investigated in the range of 0.0-40.0 mg of cyclo-hexylmethyldithiocarbamate. Aqueous solutions containing 20 μg of Pb, 20 μg of Cr, 10 μg of each of Ni, Mn and Zn were placed in centrifuge tubes separately. Then, 1.0 mL of 1,000 mg/L of copper(II) as a carrier element and varying concentrations of cyclo-hexylmethyldithiocarbamate (1.0 mL of 1, 2, 3 and 4%) were added to each of the metal ions solutions. The pHs of the solutions were adjusted to pH 9 by the appropriate buffer solution. After 10 min, the solutions were centrifuged and the precipitates which adhered to the centrifuge tubes were dissolved with concentrated HNO 3 . The solutions were made up to 10 mL using de-ionized distilled water. The heavy metals in the final solutions were determined by AAS. The optimum recoveries of the metals were obtained in the range of 10.0-40.0 mg of cyclo-hexylmethyldithiocarbamate ( Figure 3 ). For all further works, 10.0 mg (1%) of cyclo-hexylmethyidithiocarbamate was used.
Effect of sample volume of metal ion solutions
The effect of sample volume on the co-precipitation efficiencies of metal ions was examined in the range of 25-250 mL to determine the volume applicable for the co-precipitation procedure for natural water samples. In this aspect, solutions of metal concentrations (20 μg of Pb, 20 μg of Cr, 10 μg of each of Ni, Mn and Zn) were made up with de-ionized distilled water to varying volume (25, 50, 100 and 250 mL). A volume of 1.0 mL of 1% (w/v) cyclo-hexylmethyldithiocarbamate and 1.0 mL of carrier element were added. The precipitates which remained on the centrifuge tubes after centrifugation were dissolved with 0.5 mL of concentrated HNO 3 and concentrations of the metal ions were determined by AAS after making up the solutions to the mark of 10 mL with de-ionized distilled water. The recoveries of the heavy metal ions were found to be quantitative in the sample volume range of 25-100 mL ( Figure 4 ) and were not quantitative as the volume increased to 250 mL. Therefore, the minimum volume of 25 mL was preferred for the co-precipitation procedure for natural water samples.
Co-precipitation of the metals studied in a model solution
The procedure of copper(II) cyclo-hexylmethyldithiocarbamate co-precipitation was optimized with model solutions prior to its application to real samples. Portions of 25 mL of an aqueous solution containing 20 μg of Pb, 20 μg of Cr, and 10 μg of each of Ni, Mn and Zn were placed into centrifuge tubes separately. The pH of the solutions was adjusted in the range of pH 2-10 by the addition of 2.0 mL of various buffer solutions prepared. Then, 1.0 mL of 1,000 mg/L of copper(II) as a carrier element and 1% (w/v) cyclo-hexylmethyldithiocarbamate were added to each solution. After 10 min, the solutions were centrifuged at 3,500 rpm for 20 min. The precipitates which adhered to the tubes were dissolved with 0.5 mL of concentrated HNO 3 . The solutions were made up to 25 mL using de-ionized distilled water. The heavy metals in final solutions were determined by Atomic Absorption Spectrophotometer (Perkin Elmer AAnalyst 200).
Description of sampling area and sampling design
Ladipo industrial area is one of the most popular hubs in Lagos, former capital of Nigeria. It lies on latitude 6 W 32.7 0 N and longitude 3 W 20.4 0 E. The primary industrial activities in the area have reduced due to economic recession and most houses within the area are now converted to warehouses for used cars, trucks, generators and electronic appliances. Notable among the houses are various mechanic workshops where metal scrap dealers engaging in sales and repair of vehicle metal parts and engine oil are based. Metalbased scraps are heaped up indiscriminately and both used and unused engine oil are drained into the nearby Ladipo stream. This illegal dumping of liquid and solid wastes has raised concerns of possible pollution of the stream. In addition, a biscuit industry within the axis discharges its effluent into the stream while food vendors within the area also discard their wastes into the stream. The Ladipo stream was divided into two segments namely, upstream and downstream. The location at which the industrial discharges enter the watercourse formed the basis for segmentation and it was regarded as the referenced point source of effluent discharged along the Ladipo stream. The stream from this point source to about 700 m downstream was monitored while some portion of the stream at about 1.2 km far upstream was monitored as control site. A total of thirty five samples each of water and sediment were collected randomly along downstream while nine were collected upstream.
Sampling and preservation of water and sediment samples
Water samples were collected in acid-cleaned polythene bottles and acidified with 3 mL of 1.0 mol/L analar grade nitric acid per litre of sample. The samples were stored in an ice chest in the field and later stored at 4 W C in a refrigerator at the laboratory. Prior to metal analysis, the acidified water samples were neutralized and adjusted to pH 7. Portions (200 mL) of well mixed water samples were digested with 4 mL of concentrated nitric acid on a water bath and were concentrated to almost dryness. The solutions, after cooling, were filtered into 10 mL volumetric flasks and made up to the mark with de-ionized distilled water. Sediments collected with Van-Veen type grab samplers were stored in polyethylene containers, air-dried in the laboratory, ground to fine powder and sieved through a 0.55 mm screen. Known weights of the dry sieved sediment samples were digested with a 1:3 mixture of concentrated hydrochloric acid and nitric acid (aqua regia) on a water bath for 2 h. The mixtures were evaporated almost to dryness after the evolution of nitrogen(IV) oxide fumes had ceased. The resulting mixtures were then mixed with 5 mL of aqua regia, filtered into 10 mL volumetric flasks and made up to the mark with de-ionized distilled water.
The procedure for co-precipitation under optimized conditions as stated in the Sections 'Effect of pH' and 'Effect of sample volume of metal ion solutions' was applied to the digested water and sediment samples. The final solutions were diluted to 10 mL and the metal concentrations were determined by AAS.
Method validation and analytical performance
The accuracy of the co-precipitation procedure was investigated in water and sediment samples spiked with Ni(II), Zn(II) and Pb(II) standard solutions. Recovery tests for metal ions were performed on five previously analyzed water and sediment samples by spiking with various amounts of these standard solutions. The sediment samples were ovendried, homogenized, while water samples were thoroughly mixed and passed through the extraction and co-precipitation procedures. In addition, replicate analysis of standard reference sediment material was carried out using co-precipitation procedure. The stream sediment reference material, ST-SD-4 was obtained from the Canada Centre for Mineral and Energy Technology (CANMET, Canada).
A known amount, 0.1 g of standard reference material for sediment was digested with aqua regia at room temperature in a water bath. The mixture was evaporated almost to dryness after the evolution of nitrogen(IV) oxide fumes had ceased. The resulting mixture was then mixed with 5 mL of aqua regia and filtered into a 10 mL volumetric flask. The filtrate was diluted to the mark with de-ionized distilled water. The subsequent procedures were the same as those described in the Section 'Co-precipitation of the metals studied in a model solution'. The final solution was diluted to 10 mL. Mean percentage recoveries of the metal ions were satisfactory.
The limits of detection of the co-precipitation method for the determination of investigated metal ions were studied by applying optimum experimental conditions to fifteen (n ¼ 15) blank solutions.
RESULTS AND DISCUSSION
The optimum pH range 8-10 was obtained for quantitative recovery of zinc. The recoveries of lead, chromium, manganese and nickel are >85% at the optimum pH range 9 À 10 ( Figure 1) . Therefore, all further works were performed at pH 9 by adjusting with ammonia-ammonium chloride buffer. The optimum recoveries of the metals were obtained in the range of 10.0-40.0 mg of cyclo-hexylmethyldithiocarbamate. The recoveries of the metals in this range of amount of cyclo-hexylmethyldithiocarbamate used were above 89.2% (Figure 2 (Table 1 ). The comparative data from co-precipitation studies are given in Table 1 . Although the procedure described in this study yielded a low preconcentration factor, good and satisfactory percentage recoveries were obtained. The results of replicate analysis of reference material (ST-SD-4) from the co-precipitation were compared with the certified values using a t-test at 95% confidence. Satisfactory agreement was obtained between the observed values and certified values for Ni, Cr, Mn, Pb and Zn (Table 2) . Thus, the accuracy of the procedure and the absence of matrix effects are confirmed. This suggests that the proposed co-precipitation method can be applied for the preconcentration of heavy metal ions in real environmental samples.
The results of the application of co-precipitation procedure for the determination of Ni, Cr, Pb, Mn and Zn in industrial wastewater and sediment samples are shown in Table 3 . The metal ions were equally analyzed by atomic absorption spectrometric technique without co-precipitation procedure. The results obtained without co-precipitation were generally lower than for co-precipitation, as shown in Table 3 . It is somehow difficult to generalize the accuracy FAAS -flame atomic absorption spectrometry; DDTC -dibenzyldithiocarbamate; cHMDTC -cyclo-hexylmethlydithiocarbamate; PF -preconcentration factor; n(5) -number of samples analyzed. and precision of the atomic absorption spectrometric technique with co-precipitation procedure over the spectrometric technique without co-precipitation procedure. The two procedures are subject in varying degrees to uncertainties from sources such as matrices of sample and chemical composition of the final soluble complex of analyte ion with precipitating agent. On the other hand, in the presence of either inorganic or organic precipitating agents, formation of a moderately soluble complex with metal ion must be expected. This might probably explain high average levels of Ni, Cr, Pb, Mn and Zn in this study by co-precipitation procedure prior to atomic absorption spectrometric determination. The comparison of results from the two different treatment procedures statistically revealed that there was no significant difference generally between the precision of atomic absorption spectrometric determination of these heavy metals with co-precipitation and without co-precipitation (Table 4) .
CONCLUSION
Copper(II) cyclo-hexylmethyldithiocarbamate was firstly used in this study as co-precipitant for heavy metal spectrometric analysis in certified reference material, industrial wastewater and sediment samples. The procedure of coprecipitation of Ni, Cr, Mn, Pb and Zn from aqueous solution with copper(II) cyclo-hexylmethyldithiocarbamate investigated in this study was very simple, precise, accurate and reliable. There was no significant difference between the results from spectrometric analysis of metal ion with co-precipitation procedure and without co-precipitation.
